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CHEMICAL POLISHING PROCESS FOR TITANIUM AND TITANIUM ALLOY SURGICAL IMPLANTS 



Background of the Invention 

The invention relates to a method of chemically 
polishing medical implants made of titanium or an 
alloy of titanium to produce a smooth, matte fin- 5 
ished surface. 

Chemically pure titanium and T1-6AI-4V alloy 
are extremely biocompatible materials which are 
used for a variety of medical applications including 
implants. When an implant fabricated from such a io 
metal is implanted in the human body, the host 
tissue surrounding the implant fixes itself to the 
implant in direct apposition to the implant, in con- 
trast with other common implant materials to which 
fibrous tissue may tend to encapsulate the implant. is 
Thus titanium and alloys thereof are particularly 
useful for implants in which the former direct ap- 
position type of fixation is preferable to the later 
surrounding type of fixation. 

a.tite^ * s r Q u 9 n » tissue will 20 

attach itself mechanicall y at u<c in »pi<a ni-ii3aue"in-"~'" ""' 
terfacVrAlthough for a perm an ent implan t, this type 
of fixation may be appropriate, in that it is a predict- 
able stabilizing mechanism, f or a semi-permanent - 
(long-term temporary) impl ant, such permanent fix- . 25 
a tion is undesirable . When the implant is to be 
removed, it may be necessary to cut the implant 
from the surrounding tissue thus creating trauma to 
the surrounding tissue. Examples of implants in- 
tended for temporary or semi-permanent implanta - 30 
tion include ventilation tubes, e.g. a vent tube fo r 
the tympanic LJTie.Glb/anei. .percutaneous devices for 
: drug infusion, and other similar devices. The inven- 
tion is particularly suitable for implants having intri- 
cate designs and/or of small size which are difficult 35 
to polish by conventional metal polishing tech- 
niques and for implants designed to create a pas- 
sageway through surrounding tissue, where tissue 
ingrowth may clog the passageway decreasing its 
effectivenesss for ventilation and/or fluid drainage. 40 

A further problem with rough or sharp edges 
on implants is that they may cause an undesirable 
inflammatory response by surrounding body tissue. 
A smooth surface is also required for articulating 
implants, or implants that come in direct contact 45 
with blood. For these reasons, among others, such 
implants should be polished in some manner after 
they are fabricated. 

In the past, metal implants have been finished 
by a variety of techniques including hand polishing, 50 
glass beading, vapor blasting, and electrolytic 
polishing. Although acceptable for many applica- 
tions, it is difficult to effectively polish all surfaces 
and crevices of miniature implants, or implants 



having intricate designs and/or internal passage- 
ways. Mechanical polishing and electrolytic polish- 
ing produce a finished product having a bright, 
light-reflective surface. This type of surface is un- 
desirable because bright light used for inserting the 
implant can cause considerable glare which inter- 
feres with the physician's ability to see the exact 
location of the implant. Thus it would be desirable 
'to have a polishing technique which reduces glare 
and is more effective in polishing internal passage- 
ways as well as external surfaces of multi-faceted 
implants and instruments. 

Summary of the Invention 

The invention relates to a method of chemically 
polishing surgical implants formed of titanium or 
titanium alloys such as Ti-6AI-4V which produces a 
smooth, matte finished implant. The invention in- 
cludes contacting the formed implant with a polish- 
ing solution mciuaing iacuc acid or glycerine, 
hydroflouric acid, and nitric acid; moving the solu- 
tion and implant relative to one another; and there- 
after washing the implant to remove the polishing 
solution and stop the polishing action. 

The polishing solution preferably includes from 
about 60 to about 79 weight percent lactic acid, 
from about 10.5 to about 20 weight percent 
hydroflouric acid, and from about 10.5 to about 20 
weight percent nitric acid. For polishing several 
implants in a batch polishing process, it is pre- 
ferred that the polishing be accomplished in a 
series of immersing and washing steps, with in- 
spection of the polished implants after each polish- 
ing stage to determine the extent of polishing and 
prevent over-polishing or too much metal removal 
for any single implant. 

By practicing the instant invention, surgical im- 
plants formed of titanium or titanium alloys can be 
successfully polished to minimize tissue fixation 
normally associated with rough surfaced implants, 
minimize clogging of interior passageways, and 
substantially prevent reflective glare from interfer- 
ing with the surgical implantation procedure. 

Brief Description of the Drawings 

Figure 1 is a photograph of a Reuter bobbin 
as machined, prior to practicing the instant 
invention. 
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Figure 2 is a Reuter bobbin polished using 
prior an vapor blasting technique. 

Figure 3 is a Reuter bobbin polished in ac- 
cordance with the instant invention. 
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O De,a,,ed Description of a Preferred Embodiment 

The method of the present invention can be 
used for any titanium or titanium alloy surgical 
implant which is used for medical applications For 
implants such as drainage or ventilation tubes and 
the like, for example ossicular replacement pros- 
theses and middle ear ventilation tubes having intri- 
cate and miniature designs, the chemical polishing 
method of the instant invention provides both more 
effective polishing than mechanical methods pre- 
viously used and a matte finish which substantially 
prevents undesirables glare during the implantation 
procedure. 

Although chemical polishing in accordance with 
..... the instant invention may impart hydrogen ions to 
the surface of the implant or instrument, and thus 
may creat hydrogen embnttlement. residual hy- 
drogen ions can be removed by heating the im- 
plant or instrument to a particular temoerature 
deoend.ng on the dimensions and ant.cioated load- 
ing of the part to drive off the hydrogen ions. For 
this reason, it is believed that the chemical polish- 
ing of the instant invention is suitable for most if 
not all. implants and instruments for which the 
matte finish and effective polishing of intricate de- 
signs is desirable. 

The following discussion of the method of the 
mstam invention is directed to chemically polishing 
middle ear vent tubes used for insertion in a myrin- 
gotomy procedure which involves making an inci- 
sion or slit in the eardrum to alleviate a build-up of 
fluid caused by negative pressure in the middle ear 
cavity -a conamon known as otitis media. The tube 
primarily keeps the ear drum slit ooen for a suffi- 
cient period of time following the surgery to allow 
fluid to drain and the middle ear cav.ty to dry out 
and to equalize pressure between the middle and 
the outer ear area. Frequently the condition of 
middle ear fluid or pressure imbalance in the mid- 
dle ear cavity which the tube is intended to alle- 
viate requires that the tube remain in place for a 
significant period of time. However, when the otitis 
meoia conoition is no longer present, the ourpose 
or the ear tube no longer exists and should be 
removed. In the ma,ori ty 0 f cases, ventilation tubes 
wHI extrude naturally due to the rotation and 
sloughing 0 f tympanic membrane tissue An ear 
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V6nt i^g_Pgl ished_ using the chemical o chsnrnq 
proce ss of the instan t invention will have less *en- 
- ^ en ?.y-J°_^_lii^^ermanently_an^ i ess ~ 
likely to resist natural extrusion^ " 

Although 'the following" example relates to 
polishing a particular size of middle ear ventilation 
tubes, as can be appreciated, the method of the 
present invention is not so limited and can be used 
for any type of titanium or titanium alloy implant 

In the following examples, the middle ear vent 
tubes polished in accordance with the instant in- 
vention were Reuter bobbins, e.g. bobbin 10 of 
Figure 1. manufactured by Richards Medical Com- 
r y , S °' d as Cata, °g N °- 14-5219. Figure 2 shows 
the bobbin 10 polished using the prior art vapor 
blasting technique. Figure 3 shows the smooth 
mane finished bobbin 20 polished in accordance 
with the instant invention. 

The bobbin 10. shown in Figure 1. was machin- 
ed from a single piece of Ti-6AI-4V to include 
Ganges 12 and lumen 14. Each of the flanges 12 
included holes 16. Before polishing, the inside di- 
ameter of the lumen 14 was about 0.0389 inches - 
O.O mm), the outside diameter of eacn of the 
flanges ,2 was 0.1099 inches (2.8 mm,, eacn of 
the flanges were about 0.0105 inches (27 mm) 
thick, and the flange holes 16 each had an ,r«, a - 
diameter of about 0.0167 inches (.42 mm,. 

The polishing solution used in ;ne follcwmo 
example included one part hydrofluoric ac.c one 
part nunc acid, and three pans lactic ac.-d Due to 
the corrosive effect of hydroflounc acid on r*. a « s a 
polyethylene container for the ponsn.ng solution 
bath was constructed having a volume of aocroxi- 
mately 425 milliliters. A basket to enclose m. *ar 
v ent tubes was constructed from type 304 ^^7 
steel mesh (50 mesh. 0.010 inches ,n d.ame-er) 
and w,re. having overall dimensions of accroxi- 
mately H inch by 1* inch by 3 4 inch deeo (3 8 
cm » 3.8 cm • 1.9 cm). The polishing was accom- 
plished by submergmg the wire basket containing 
thirty of the bobbins 10. ana agitating the bobo.ns 
within the container of polishing solution by slowly 
movmg the w.re basket across the bottom of the 
polyethylene container of solution. 

Because the depth of machining grooves and 
other imperfections on the individual bobbins vary 
a single immersion did not produce uniform ool.sh- 
-ng of all of the bobbins. For this reason, succes- 
sive polishing steps were found to be preferable to 
a single, longer immersion for achieving uniformly 
polished bobbins. 

For the above described middle ear vent tubes 
it was found that good polishmg resulted from first 
cleanmg the batch of imp la nts ,n acetone and dry- 
ing with heat before polishing. An m.tial ool.smng 
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step consisted in immersing the implants for 5 
seconds with mild agitation following by washing 
them in clear water with agitation, and again clean- 
ing with acetone and drying. This preliminary 
polishing step serves to prevent overpolishing by 
restricting the time in the polishing solution. A 
second polishing step including 10 second immer- 
sion and agitation in the polishing compound fol- 
lowed by washing and drying is preferred to permit 
satisfactorily polished bobbins to be removed after 
inspection. As noted above, due to the varying 
depths of machine lines, some bobbins with ma- 
chine grooves of relatively shallow depth will be 
completely polished after this step. These polished 
bobbins are removed from the batch, and the pro- 
cess of ten second polishing, followed by cleaning 
and inspecting is repeated until all of the remaining 
bobbins are polished. 
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It is preferred for the bobbins described ab< 
that the maximum chemical polishing time not 
ceed 65 seconds to keep the potisned bot 
within production specification dimensions, and 
the final water rinse should be 10 minutes to 
sure complete removal of the polishing compoi 
to prevent overpolishing. 

Practicing the particular techniaue outlined i 
a batch of 30 bobbins, as illustrated by Tab 
below, resulted in very little metal removal, with 
mean difference in bobbin dimensions being 
more than 0.0017 inches (.043 mm). The stand 
deviations in dimension differed by no more 
0.0001 inches (.003 mm). Thus the polished b 
bins were maintained within production specifi 
tions for dimensions. 
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Table I 

Measurements Before and After the Chemical Polishing 
of 30 Reuter Bobbin Vent Tubes- 





Before 
(n = 30) 


After 
(n = 28) 


Difference 


I.D. of Lumen (A) 


= 0.0389 


= 0.0399 




0.0010 




= 0.0004 


= 0.0005 




0.0001 


O.D. of Flange (B) 


= 0. 1099 


= 0. 1091 




0.0008 




= 0.0006 


= 0.0007 




0.0001 


Flange Thickness (C) 


= 0.0105 


= 0.0095 




0.0010 




= 0.0006 


= 0.0006 




0.0000 


Flange Hole Diameter 


(D) = 0.0167 


= 0.0184 




0.0017 




- 0.0005 


= 0.0004 




0.0001 



* Units are in inches 
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The results shown in Table I represent 30 
bobbins subjected to repetitive immersions of 5 
seconds. 10 seconds. 10 seconds. 20 seconds, 
and then 20 seconds, with satisfactorily polished 
bobbins being removed after inspection at various 
stages from just after the first 10 second immersion 
through after the last 20 second immersion. As can 
be aopreciated. metal removed from bobbins re- 
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mains in the polishing solution so that success 
immersions require somewhat more time 
achieve the same amount of metal removal 
preceeding immersions. 

The chemical polishing process of the instj 
invention provides a polishing technique which pi 
duces a smooth, matte finished implant or inst 
ment in very little time with very tittle labor whicr 
particularly suitable for small titanium or titann 
alloy parts. Although the discussion was directed 
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n h b ' nS ° r 6ar Vent tubes ' the ^vention is 

not limited to such implants, and can be readi v 
adapted to many types of medical products^ 
wn,ch a smooth, matte finish is desirable 

The foregoing disclosure and description of 'ho 
,nvent,on are i„ us trat,ve and expiana Sy the eof 
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Claims 



'. A m. mod 0 , Msh ,„ g t 

washing ,he imolant to remove substantially all of 
the polish.ng compound. Y ° 

from about 60 to about 79 we,ght percent .actio 

^ 0f ,:r acid 5 ^ 0 about 20 — — 

S ab ° Ut t0 3b0Ut 20 percent^ 
3. The method of claim 1 whpro.n 



Cn;l h a°ter,ar OVm9 — °< 

is SwdT tt c 'rp 3 or herem the wash,ng — 

i-P-ant to de'e^n? he e: t e n ro? 9 oor e h PC,,Sned 
thereafter repeatino th- Polishing and 

^ 'epeating the contacting, movmo snri 
-ash.ng steps if more po.ishing is needed 9 ' 

' ^P^tnmeTraT' 3 " 3 ^ 

c'o 3 ^^ 
'5 nitric acid: d " hydroflu0 ^ acid, and 

the 5 ^^ 6 imP ' am 10 rem ° ve substantially all of 
Tan? ^ S0 ' Ut,0n t0 Pr ° dUCe «*» Pushed !m- 
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7 - The polished implant of c'aim « 
Polishing so.u„on comprises. nerem the 

from about 60 to about 79 we ,ght percent lactic 

from about 10.5 to about on 
hydrofluoric acid: and We ' 9m Cercent 

from about ,0.5 to about 20 we.gh, C ercen, n„r,c 

8- The polished implant of claim 7 ,,here,n tr* 
-mmersed implant is polished by aq.tatmo 
mersed imp,an, in the solution. 9 9 8 ' m " 

"° t Th ! P0 ' iShed ' mplant of 3 wherem , nf > 

a smooth, matte fin.shed ear tube." 
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